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J-virus (JPV), isolated from wild mice in Australia, and Beilong virus (BeiPV), originally isolated from human mesangial cells in China and
subsequently detected in rat mesangial cells, represent a new group of paramyxoviruses which have exceptionally large genomes (>19 kb) and
contain more than six transcriptional units. In this study, minireplicons were employed to assess the taxonomic status of JPV and BeiPV. Our
results demonstrated that, whilst the genome replication machineries of JPV and BeiPV can be interchanged, they were not functional when
exchanged with that of Nipah virus. These studies indicate that JPV and BeiPV are closely related to each other and support the classification of
these two viruses into a separate genus. In addition, the minireplicons were also used to demonstrate that these large-genome viruses also comply
with the ‘rule of six’ and that over-expression of the C protein has a detrimental effect on minigenome replication.
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New paramyxoviruses have emerged from an extensive
range of aquatic and terrestrial animals, demonstrating the vast
host range of this family of viruses (Wang and Eaton, 2001).
These emergent viruses provide the opportunity to gain an
insight into the evolution, diversity, epidemiology and
pathogenesis of paramyxoviruses. The family Paramyxoviri-
dae is taxonomically placed within the order Mononegavirales
together with three other families—Filoviridae, Bornaviridae,
and Rhabdoviridae (Pringle, 2005). All members of these viral
families contain a linear, non-segmented, negative-sense,
single-stranded RNA (NNS) genome. The family Paramyxo-
viridae is divided into two subfamilies—Paramyxovirinae and
Pneumovirinae. At present, the subfamily Paramyxovirinae is
divided into five genera—Morbillivirus, Respirovirus, Rubu-
lavirus, Avulavirus, and Henipavirus.
Sendai virus (SeV), an extremely contagious respiratory
virus, is one of the most important pathogens of rodents, and⁎ Corresponding author. Fax: +61 3 52275555.
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0042-6822/$ - see front matter. Crown Copyright © 2007 Published by Elsevier In
doi:10.1016/j.virol.2007.01.045this member of the genus Respirovirus has been indispensable
in paramyxovirus research since isolation from laboratory
rodents in the 1950s (Baker, 1998). At least four paramyx-
oviruses, Nariva virus (Tikasingh et al., 1966), Mossman virus
(MosPV) (Campbell et al., 1977), J-virus (JPV) (Jun et al.,
1977), and Beilong virus (BeiPV) (Li et al., 2006), have been
isolated from rodents since the 1960s.
The trapping of wild mice (Mus musculus) during a study
investigating the pathology of feral rodents in northern
Queensland, Australia, in 1972 (Mesina et al., 1974) led to
the isolation of JPV (Jun et al., 1977). The entire genome of JPV
has been sequenced and is 18,954 nucleotides (nt) in length
(Jack et al., 2005). Members of the subfamily Paramyxovirinae
contain a conserved genome with the nucleocapsid (N),
phosphoprotein (P), matrix (M), fusion (F) attachment (HN/H/
G), and large (L) genes present in all viruses. The increase in
genome size of JPVover that of other paramyxoviruses (average
genome size around 15–16 kb) is due to the presence of two
additional genes, SH and TM (small hydrophobic and
transmembrane protein genes, respectively), between the F
and attachment (G) genes, and a second open reading frame
(ORF) within the G gene. The genome organisation of JPV is 3′-
N–P/V/C-M-F-SH-TM-G-L-5′.c. All rights reserved.
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on the NCBI server revealed two putative novel cDNAs, termed
Angrem 104 and Angrem 52 (Liang et al., 2003), from human
mesangial cells with significant homology to JPV genes (Jack et
al., 2005). The relationship between the Angrem cDNA
sequences to other paramyxoviruses was also reported by two
other groups (Schomacker et al., 2004; Basler et al., 2005).
Subsequently, BeiPV was isolated from the human mesangial
cell line from which the cDNA sequences Angrem 104 and
Angrem 52 were originally obtained (Li et al., 2006). Later, it
was discovered that a rat mesangial cell line, from the same
laboratory in which the human mesangial cells were cultured,
carried BeiPV, which is believed to be the original source of the
virus (Li et al., 2006).
The genome of BeiPV has been sequenced and is similar to
JPV, also containing the two additional genes, SH and TM, and
an extended G gene. At 19,212 nt in length the BeiPV genome
is the largest in the family Paramyxoviridae sequenced to date.
In fact, the BeiPV genome is also the largest amongst all
known NNS viruses in the order Mononegavirales. For
efficient replication, the genomes of members of the Para-
myxovirinae must contain a total number of nt that is a multiple
of six, which is dubbed the ‘rule of six’ (Calain and Roux,
1993). The genome lengths of both JPV and BeiPV are a
multiple of six.
In 1998, Nipah virus (NiV) emerged in an outbreak in
Malaysia that claimed the lives of 105 people (Chua et al.,
2000). Characterisation of NiV revealed a genome of 18,246 nt
and the virus was placed in the genus Henipavirus, along with
Hendra virus (HeV). A study based on the comparison of
Angrem 104 and Angrem 52 sequences with the paramyx-
ovirus sequences suggested that BeiPV is closely related to the
henipaviruses and should be classified as a member of this
genus (Schomacker et al., 2004). Previous studies have
demonstrated that, in a reverse genetics system, replication of
a minigenome from one virus can be driven by the polymerase
complex of another closely related virus within the same genus
(Pelet et al., 1996). Using this approach, it was shown that the
polymerase complex of NiV was able to support the replication
of the HeV minigenome, confirming their close evolutionary
relationship (Halpin et al., 2004).
In this study, minireplicon systems were established for NiV,
JPV, and BeiPV, where minigenomes containing green fluor-
escent protein (GFP) as a reporter gene were constructed for each
virus. The evolutionary relatedness of NiV, JPV, and BeiPV was
investigated by exchanging individual viral minigenomes and
polymerase complexes. The relatedness between JPVand BeiPVFig. 1. GFP minigenome construct. The schematic diagram of the GFP minigenome in
leader, N 5′ untranslated region (UTR), enhanced green fluorescent protein (EGFP
construction of the minigenome were shown at the top. (For interpretation of the refe
this article.)was further investigated by exchanging individual viral poly-
merase proteins and examining the effect on polymerase
complex formation. In addition, we have established that both
JPV and BeiPV conform to the ‘rule of six’ and that the
expression of C protein has a detrimental effect on minigenome
replication.
The L genes of NNS viruses have a high level of amino acid
sequence conservation. For paramyxoviruses, sequence com-
parison of the L genes of SeV, Newcastle disease virus (NDV),
and Measles virus (MeV) identified six conserved domains (I–
VI), separated by variable regions, suggesting that the structure
consisted of concatenated functional domains (Poch et al.,
1990). Domain III contains the GDNQ motif, which has been
hypothesised to be an active site for phosphodiester bond
formation. The GDNQ sequence is located within the C motif of
domain III and contains a β-turn-β structure critical for
polymerase activity (Poch et al., 1989). Prior to the discovery
of HeV, all known NNS viruses contained the highly conserved
GDNQ sequence motif in domain III of their respective L
proteins. For the henipaviruses, the Q residue has been replaced
by an E residue, giving rise to a GDNE sequence motif. This
alternate motif has also been found in two recently characterised
paramyxoviruses, Tupaia paramyxovirus (Wang et al., 2001)
and MosPV (Miller et al., 2003). Using the minireplicon system
established for JPV, we demonstrated in this study that the JPV
L protein functions with almost equal efficiency with either Q or
E residue in the highly conserved GDNQ motif.
Results
Construction of JPV and BeiPV minigenomes
In each of the minigenomes, coding regions for all viral genes
were replaced with a copy of the GFP gene (Fig. 1). The 5′ end of
the GFP gene was flanked by the N gene 5′ untranslated region
(UTR), viral leader, Hepatitis delta virus (HDV) cleavage
sequence, and two T7 terminator sequences. The 3′ end of the
GFP gene was flanked by the L gene 3′UTR, viral trailer, and T7
promoter. A minigenome plasmid was created for JPV and
BeiPV and designated pJPV-GFP and pBeiPV-GFP, respec-
tively. The NiV GFP minireplicon system was previously
constructed as described in Magoffin et al. (in press).
Construction of JPV and BeiPV support plasmids
The N, P, and L ORFs of JPV and BeiPV were amplified
from cDNA and cloned into the pTM1 expression vectordicates the positions of the T7 terminator,Hepatitis delta virus ribozyme (HDV),
), L 3′ UTR, trailer and T7 promoter. Key restriction enzyme sites used in the
rences to colour in this figure legend, the reader is referred to the web version of
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genes of JPV and BeiPV were verified by direct plasmid
sequencing. The JPV N and P, PdC, and C gene sequences were
identical to the previously published sequences. The JPV L
ORF contained a silent mutation (c4275t; numbering starts from
the A residue of the ATG codon). Two mutations were present
in the BeiPV N ORF, one of which was silent (c999t), the other
one (g424c) resulted in aa change from alanine to proline. The
BeiPV P ORF also contained two mutations, one of which was
silent (c1395t) and the other (g424c) caused a threonine to
methionine change. The same two mutations were present in
BeiPV PdC construct. The BeiPV C gene contained a single
silent mutation (t234c). There were four mutations generated in
the cloning of the BeiPV L gene. Three of the mutations were
silent (a1422g, g1842a and t1491c) and one (t5548a) resulted in
a threonine to serine change. Since all mutations in the support
plasmids were either silent or located in non-conserved regions
of the BeiPV genes, these plasmids were directly tested in
functional assays and all were shown to be functional (seeFig. 2. GFP expression in NiV, JPVand BeiPV minireplicon systems. (A) The pNiV-G
L; (C) the pJPV-GFP minigenome plus the JPV N, P, and L support plasmids; (D) “
support plasmids; (F) “E” minus BeiPV L.below). The plasmids were therefore used in subsequent studies
without modification.
Establishment of functional NiV, JPV, and BeiPV minireplicons
GFP expression was observed 72 h after transfection of
pNiV-GFP into Vero cells that had been previously infected
with FWPV-T7 and co-transfected with the NiV N, P, and L
support plasmids (Fig. 2A). Each of the NiV N, P, and L
plasmids was required for replication as GFP was not
synthesised when any of these plasmids was omitted from
the NiV minireplicon system (Fig. 2B). Similar results were
obtained for the replicon systems of JPV (Figs. 2C and D)
and BeiPV (Figs. 2E and F). These results indicated that the
minireplicon systems for NiV, JPV, and BeiPV were
functional and when the minigenome plasmid was provided
with homotypic support plasmids, synthesis of GFP occurred,
although not at equivalent levels. For unknown reasons, the
GFP expression in the JPV system was the weakest.FP minigenome plus the NiV N, P, and L support plasmids; (B) “A”minus NiV
C” minus JPV L; (E) the pBeiPV-GFP minigenome plus the BeiPV N, P, and L
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polymerase proteins
To determine the relatedness between NiV, JPV, and BeiPV,
the functionality of each minigenome was analysed when
support plasmids were supplied in heterotypic combinations in
the minireplicon systems. When the NiV, JPV, or BeiPV
minigenome plasmids were provided with homotypic support
plasmids, synthesis of GFP occurred, although not at equivalent
levels (Figs. 3A, E, and I for NiV, JPV, and BeiPV, respectively).
When the pJPV-GFP minigenome was co-transfected with the
BeiPV N, P, and L support plasmids, GPF expression was
observed (Fig. 3H). To prove that the reverse is also true, the JPV
N, P, and L support plasmids were co-transfected with the
pBeiPV-GFP minigenome. Cells were analysed 72 h after
transfection, and GFP expression was observed (Fig. 3F). The
level of GFP expression for the heterotypic minireplicon
combinations was generally higher than that of the homotypic
combinations. These results indicated that the polymerase
complexes of JPVand BeiPV were interchangeable, suggesting
that the relatedness of these viruses was high enough for them to
share replication machinery.
In contrast, when the pNiV-GFP minigenome was co-
transfected with either BeiPV or JPV N, P, and L support
plasmids, GFP expression was not detected (Figs. 3D and G).Fig. 3. Exchange of NiV, JPV, and BeiPV minigenomes and support plasmids. The
support plasmids (A, D, and G, respectively). The pJPV-GFP minigenome plasmid w
respectively). The pBeiPV-GFP minigenome plasmid was co-transfected with the NThe same was true when the NiV N, P and L support plasmids
were co-transfected with either JPV or BeiPV minigenomes
(Figs. 3B and C). These results indicated that the NiV
polymerase complex was not capable of supporting the
replication of either the BeiPVor JPV minigenomes.
Exchange of individual JPV and BeiPV polymerase proteins
In order to determine whether a functional polymerase
complex could be produced through heterotypic protein–protein
interactions between individual JPV and BeiPV polymerase
proteins, support plasmids were exchanged in JPV and BeiPV
minireplicon systems. There were a total of six possible support
plasmid combinations in addition to the two positive controls
and each was tested in conjunction with either JPV or BeiPV
minigenome. GFP expression was not evident in any of the
twelve experiments where JPV and BeiPV support plasmids
were exchanged (Table 1).
Exchange of leader and trailer regions of JPV and BeiPV
In order to ascertain the degree of functional similarity
between the non-coding regions of the JPV and BeiPV
genomes, hybrid minigenomes were generated where the leader
or trailer region was exchanged between the two viruses. ThepNiV-GFP minigenome plasmid was transfected with the NiV, JPV, and BeiPV
as co-transfected with the NiV, JPV, and BeiPV support plasmids (B, E, and H,
iV, JPV, and BeiPV support plasmids (C, F, and I, respectively).
Table 1
Minireplicon support plasmid combinations and GFP expression a
Minigenome Supporting plasmids GFP
expression
N P L
J J J J Yes
J B B B Yes
J J B B No
J B J B No
J B B J No
J B J J No
J J B J No
J J J B No
B J J J Yes
B B B B Yes
B J B B No
B B J B No
B B B J No
B B J J No
B J B J No
B J J B No
a Abbreviations used in this table: J=JPV; B=BeiPV.
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JPV leader region (Fig. 4A), and the leader region of the JPV
minigenome was replaced with the BeiPV leader region (Fig.
4B). Comparative analysis of the minigenomes at the nucleotide
level revealed the combined leader region and N gene UTR of
JPVand BeiPV were the same length and share 64% homology.
In contrast, the combined trailer region and L gene UTR of JPVFig. 4. JPVand BeiPV hybrid minigenomes. Hybrid minigenomes were generated wh
GFP minigenomes contained the BeiPV leader with the JPV trailer (A) and the JPV
BeiPV are given (C). The sequences are given in the 5′ to 3′ orientation of the anti-and BeiPV, although the same length, were only 55% identical.
The leader and trailer sequences of JPV and BeiPV are given in
Fig. 4C. Hybrid minigenomes were transfected with JPV
support plasmids, and transfected cells were observed 72 h post-
transfection. Both hybrid minigenomes were efficiently tran-
scribed by the JPV support plasmids and GFP positive cells
were observed. There was no significant difference in level of
GFP expression between the two different hybrid minigenomes,
or between each hybrid minigenome and the JPV minigenome
(data not shown).
JPV and BeiPV minireplicon systems comply with the ‘rule of
six’
The JPV and BeiPV minigenomes which contained an
additional four nt in the N 5′ UTR were transfected with
homotypic support plasmids to determine whether the mini-
replicon systems were functional when the length of the
minigenome was not divisible by six. GFP was not produced in
either the modified JPVor BeiPV minireplicon system (data not
shown), demonstrating that both JPV and BeiPV minigenomes
are compliant with the ‘rule of six’.
Effect of the C protein on the replication of the JPV and BeiPV
minireplicons
To determine the effect of the C protein on the JPVand BeiPV
minireplicon systems, either the pJPV-GFP or pBeiPV-GFPere the leader and trailer regions of JPVand BeiPV were exchanged. The hybrid
leader with the BeiPV trailer (B). The leader and trailer sequences of JPV and
genome. Identical nt residues are shaded.
Fig. 5. Proteins encoded by the BeiPV P gene. The wild-type P gene (A) encodes
the P protein in one ORF and the C protein in an alternate ORF. The start codons
and the methionine (M) residue for each ORF are emboldened. The recombinant
PdC gene (B) encodes the wild-type P protein, but the t to c base change
(underlined) knocks out C protein expression by changing the start codon to a
threonine codon. The mutated amino terminal sequence of C is shown in
parenthesis, indicating that the protein is no longer expressed (as shown by the
cross in the diagram below). Diagrammatic representations of the P, PdC, and C
plasmids are shown (C).
Fig. 6. Effect of C protein on JPV and BeiPV minigenome replication. The
pJPV-GFP and pBeiPV-GFP plasmids were transfected with homotypic JPVand
BeiPV support plasmids, including the P gene or the P gene with the C ORF
silenced (PdC). The JPV and BeiPV minireplicon systems were supplemented
with the C plasmid at a range of 0.02 ng to 2000 ng. Levels of GFP expression,
normalised to mean fluorescence for the minireplicon containing the PdC
support plasmid (set at 100%), are shown for the JPV (A) and BeiPV (B)
minireplicon systems.
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including the P gene or the P gene with the C ORF silenced
(PdC). The protein coding patterns for the P and PdC genes of
BeiPV are shown in Figs. 5A and B, respectively. Transfection
studies with the two different versions of the P genes showed
that, although GFP was expressed in both JPV and BeiPV
minireplicon systems, the level of GFP expression was lower
when the ‘wild-type’ P support plasmid was used. To further
analyse the effect of the C protein on replication, the
minireplicon systems were supplemented with the C gene on a
separate plasmid (Fig. 6C) at concentrations ranging from
0.02 ng to 2000 ng. The results shown in Fig. 6 demonstrated
that, as the level of C plasmid increased, the level of GFP
expression decreased in an almost dose-dependent manner (Fig.
6). In both minireplicon systems, the C protein had a significant
inhibitory effect at plasmid levels at or above 200 ng.
Mutagenesis of the Q residue in the conserved GDNQ motif of
the JPV L protein
The Q residue of the JPV L GDNQ motif was replaced with
an E residue and the level of GFP expression in a minireplicon
system containing the JPV L GDNQ (wild-type) plasmid was
compared with a minireplicon system containing the JPV L
GDNE plasmid. There was no significant difference in the GFPexpression level between the two L genes, with the GDNE
support plasmid producing approximately 70% of fluorescence
as that of the GDNQ plasmid (data not shown).
Discussion
The replication of a minigenome from one virus can be
driven by the support plasmids of another virus, providing that
the support plasmids belong to a closely related virus in the
same genus (Pelet et al., 1996). The replication of a HeV
minigenome has been shown to be supported by the replication
machinery of NiV, validating the inclusion of these viruses in
the same genus (Halpin et al., 2004). To determine the related-
ness between NiV, JPV, and BeiPV, the functionality of each
minigenome was analysed when support plasmids were sup-
plied in heterotypic combinations in the minireplicon system.
When either the NiV minigenome was transfected with JPV
or BeiPV support plasmids, or the JPVor BeiPV minigenomes
were transfected with NiV support plasmids, GFP expression
was not evident. On the other hand, when the JPV minigenome
was transfected with the support plasmids of BeiPV, or where
the BeiPV minigenome was transfected with the support
plasmids of JPV, expression of GFP occurred. These results
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functionally similar, but divergent from that of NiV, providing
genetic evidence for exclusion of JPV and BeiPV from the
genus Henipavirus.
GFP expression after transfection with a heterotypic plasmid
combination using JPV and BeiPV was generally higher than
with a homotypic plasmid. Although the exact mechanism of
this heterotypic enhancement was not clear, similar results were
observed when an HeV minigenome was driven by NiV support
plasmids (Halpin et al., 2004). An Ebola virus (EBOV)
minigenome containing the Reston strain, replicated more
efficiently when driven by support plasmids from the more
pathogenic Zaire strain, and even the more distantly related
Marburg virus (MARV) (Groseth et al., 2005). EBOV and
MARV both belong to the family Filoviridae, and the authors
suggest that pathogenic members of the family Filovirus may
be more transcriptionally active than their apathogenic counter-
parts (Groseth et al., 2005). Similarly, although not quantified,
MeV produced syncytia earlier, and in higher numbers, when
support plasmids from Rinderpest virus (RPV) were supplied in
the reverse genetics system than when MeV support plasmids
were supplied (Brown et al., 2005). Dominant-negative effects,
such as the generation of non-physiological levels of N protein,
may occur when homotypic support plasmids are supplied in
reverse genetics rescue systems (Brown et al., 2005). When
support plasmids from closely related viruses are supplied in a
reverse genetics system, negative effects may not be as
pronounced as when homotypic support plasmids are supplied.
The heterotypic proteins may not compete with viral proteins
produced from the rescued genome and hence would not
interfere with the balance between transcription and replication.
In order to determine the level of similarity that exists
between JPV and BeiPV, the leader and trailer regions of the
minigenomes were exchanged. Studies with RSV indicated that
residues in the first 13 nt of the leader region, in conjunction
with the 3′ terminus of the N gene, were responsible for the
recruitment of the polymerase (Cowton and Fearns, 2005). As
both JPV and BeiPV minigenomes were capable of functioning
with heterotypic polymerase complexes, and as polymerase
recruitment signals are seemingly present in the leader region,
the hybrid JPV/BeiPV minigenomes should also be efficiently
transcribed. This was experimentally proved using the JPV
polymerase complex.
To further examine the structural compatibility of individual
polymerase proteins between the two viruses, the JPV and
BeiPV support plasmids were individually interchanged in an
attempt to produce a functional heterogeneous polymerase
complex. The lack of GFP expression in the JPV and BeiPV
minireplicon systems, utilising all possible combinations of
support plasmids, indicated that JPV and BeiPV polymerase
proteins were not structurally interchangeable. This would
suggest that, although the protein domains responsible for
interaction with the RNA sequences were conserved amongst
both viruses, the protein sequences involved in protein–protein
interaction (e.g., N–L, N–P, or L–P) were sufficiently divergent
between the two viruses to prevent heterotypic assembly of a
functional RNA polymerase complex.Similar results were observed when two morbillivirus
minigenomes, MeV and RPV, were transfected with hetero-
typic combinations of MeV, CDV, and RPV support plasmids
(Brown et al., 2005). Low levels of replication were detected
when the RPV minigenome transfected with the CDV N
plasmid and RPV P and L plasmids, but the result could not
be consistently repeated across experiments. Together, these
results provide evidence that, although the N, P and L support
plasmids are able to maintain minigenome expression from
closely related viruses, they are not, with the exception of one
morbillivirus minireplicon, able to form heterogeneous
polymerase complexes. Based on the fact that replication
machinery was interchangeable between JPV and BeiPV, but
not with NiV, the conclusion was reached that these viruses
were evolutionarily closely related, and significantly divergent
from the henipaviruses. These data provided further support
for the classification of JPV and BeiPV into a new genus.
In a NiV-CAT replication system, CAT was only produced
when the minigenome was divisible by six (Halpin et al., 2004).
This phenomenon was also observed for SeV (Tapparel et al.,
1997) and NDV (Barretto et al., 2003). Modified minigenomes
of JPV and BeiPV with four additional nt, which were not
divisible by six, failed to express GFP, supporting the notion
that a functional reverse genetics system for paramyxoviruses
must obey the ‘rule of six’.
The C protein is a non-structural protein produced from an
alternate ORF within the P gene. The C protein has been
implicated as playing different roles during infection for
different paramyxoviruses. Research on MeV suggests that
the MeV C protein is an infectivity factor supporting the
production of infectious virus particles (Devaux and Cattaneo,
2004) and sustaining long-term infection by inhibiting apopto-
sis (Takeuchi et al., 2005). Studies suggest the SeV C protein
inhibits RNA synthesis (Curran et al., 1992) and this inhibition
is promoter specific (Cadd et al., 1996). Binding of the SeV C
protein to the L protein has also been suggested as a possible
means whereby RNA synthesis is decreased (Kato et al., 2004).
There is overwhelming support for the conclusion that the C
protein of paramyxoviruses is inhibitory to transcription in
reverse genetics systems. The majority of studies indicate that
the expression of the C protein inhibits the transcription of a
minigenome, and results from JPV and BeiPV minireplicon
experiments confer with these previous studies. Silencing of the
C gene from the JPV and BeiPV P support plasmids resulted in
increased GFP expression from the minigenomes. When the C
protein from either JPV or BeiPV was incorporated into the
minireplicon assay by expression from a separate plasmid, GFP
expression decreased. The decrease in GFP expression, in both
JPV and BeiPV minireplicon systems, occurred in a largely
dose-dependent manner. Similarly, the decrease in luciferase
activity when either the Human parainfluenza virus 3 (HPIV3)
or SeV C gene was included in a HPIV3 minireplicon system
was also dose-dependent (Malur et al., 2004). There is a
possibility that the C protein is only inhibitory once expression
levels reach a threshold, and in a viral infection this expression
level is likely to be regulated. In order to draw any conclusion
about the effect of C protein expression on viral replication of
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context of a full-length infectious clone as experimental data on
paramyxovirus C proteins vary depending on the reverse
genetics system used.
We previously ascertained that the replacement of the E
residue in the GDNEmotif of the NiV L protein with a Q residue
did not affect the replication of a NiV-GFP minigenome
(Magoffin et al., in press). In this study, the Q residue of the
GDNQmotif in the JPVL protein was replacedwith an E residue
and the activity of the L protein was not significantly affected in
the JPV-GFP minigenome replication assay. These results
indicate that both NiV and JPV L proteins can function with
either Q or E residue in the GDNQmotif. As the E residue carries
a negative charge in comparison to the non-charged Q residue,
the amino acid residue at this position appears to play a role more
likely in maintaining structure rather than in direct catalysis.
The described research aimed to generate functional reverse
genetics systems for JPVand BeiPV, two recently characterised
rodent paramyxoviruses. The generation of these reverse
genetics systems has allowed JPV and BeiPV to be further
characterised and has aided in the classification of these rodent
viruses. The reagents accumulated in this study will facilitate
the generation of a full-length infectious clone for these viruses.
Materials and methods
Cells and viruses
Vero cells were maintained in Eagle's Minimum Essential
Medium (EMEM) (Invitrogen, USA), supplemented with 10%
(v/v) foetal calf serum (FCS) (Thermo Trace, Australia), 2 mM
glutamine (Invitrogen), 10 mM HEPES (MP Biomedicals,
USA), and penicillin (JRH Biosciences, USA) and streptomycin
(Sigma, Australia) antibiotics. JPV used in this study was
cultured as described by Jack et al. (2005). BeiPV was cultured
as described by Li et al. (2006). The fpEFLT7pol virus (FWPV-
T7) was kindly provided by Dr. M. Skinner (Britton et al.,
1996).
Construction of GFP minigenome expression plasmids
The pNiV-GFP minigenome (Magoffin et al., in press)
served as a template for the construction of the JPV mini-
genome. The JPV leader region and 3′ N UTR was amplified
from JPV cDNA using primers containing NarI and NcoI sites.
The PCR product was cloned into the NarI and NcoI sites of the
pNiV-GFP minigenome, hence replacing the 3′ NiV terminus
with the 3′ JPV terminus. The JPV L 5′ UTR and JPV trailer
region was amplified from JPV cDNAwith primers containing
NotI and HindIII sites. This PCR product was cloned into the
NotI and HindIII sites of the above modified pNiV-GFP
plasmid, completing the replacement of the NiV termini with
the JPV termini. One T residue at position 18,843 of the JPV
genome was omitted from the pJPV-GFP plasmid during
cloning to ensure that the minigenome length was exactly
divisible by six. The BeiPV minigenome was constructed in the
same way as the JPV minigenome. Two G residues at positions19,101 and 19,102 of the BeiPV genome were omitted from the
pBeiPV-GFP plasmid during cloning so that the minigenome
was divisible by six.
JPVand BeiPV minigenomes that did not conform to the rule
of six were generated from the JPV and BeiPV minigenomes,
respectively. The minigenomes contained an NcoI restriction
site within the N gene 3′ UTR. For each minigenome, the
plasmid was linearised by digestion with NcoI, overhangs were
filled in with Klenow polymerase (Promega, USA) and then the
plasmid was re-ligated with T4 DNA ligase (Promega).
The JPV minigenome was used as a template for the
construction of both hybrid minigenomes. The first hybrid
minigenome was constructed by replacing the 5′ N UTR of JPV
with the BeiPV 5′ N UTR, using the NarI and NcoI sites. The
second hybrid minigenome was constructed by replacing the 3′
L UTR of JPV with the BeiPV 3′ L UTR, using the HindIII and
NotI sites.
Construction of JPV and BeiPV support plasmids
The JPV N ORF was amplified from JPV cDNA using a
forward primer containing the SpeI and MluI sites and a reverse
primer containing the NotI and XhoI sites. The JPV N ORF was
cloned into the SpeI and XhoI sites of the pTM1 expression
vector (Halpin et al., 2004). The MluI and NotI sites of this
pTM1 vector were used for all subsequent cloning. The JPV P
and C ORFs, and the BeiPV N, P and C ORFs were amplified
using primers containing the MluI and NotI sites and the
products were inserted into the pTM1 vector. The C ORFs were
silenced in the JPVand BeiPV P genes to create the PdC support
plasmids. The P ORFs were amplified with forward primers
containing a silent mutation to silence C protein ATG start
codons. The JPV L ORF was amplified in five fragments, using
the unique restriction sites NsiI, SphI, PpuMI, and AgeI to
assemble the fragments in the pRSET-C vector (Invitrogen).
The JPV L ORF, flanked by the MluI and NotI sites, was then
cloned into the pTM1 expression vector. The BeiPV L ORF was
amplified in four fragments, using the restriction sites PvuII,
NheI, StyI, and SalI. The fragments were partially assembled in
the pGD3 vector (Wang et al., 1996) before complete assembly
in the pTM1 vector.
Site directed mutagenesis, as described for the NiV L gene
(Magoffin et al., in press), was used to alter the Q residue of the
conserved GDNQ sequence into an E residue.
Sequencing
All clones were confirmed by direct sequencing of plasmids
using the BigDye Terminator v1.0 kit and ABI PRISM 377
DNA sequencer (both from Applied Biosystems, USA) in
accordance with manufacturer's recommendations.
Infection, transfection and semi-quantitative determination of
GFP expression
Infection of Vero cells with FWPV-T7, transfection with
minireplicon systems and quantitation of GFP expression was
111D.E. Magoffin et al. / Virology 364 (2007) 103–111performed as previously described (Magoffin et al., in press).
All experiments were carried out at least three times with eight
replicates in each group.
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